
















































$PELHQW DLUERUQH SDUWLFXODWH PDWWHU LV NQRZQ WR FDXVH YDULRXV DGYHUVH KHDOWK HIIHFWV LQ





DVVD\V ,Q FRQWUDVW D FRQFHQWUDWLRQGHSHQGHQW LQFUHDVH LQ F\WRWR[LFLW\ZDV REVHUYHG IRU=Q
VXOIDWH )RU DOO DQDO\]HG VXOIDWHV DQ LQFUHDVH LQ WKH SURGXFWLRQ RI UHDFWLYH R[\JHQ VSHFLHV
526 DVVHVVHG E\ WKH '&)+'$ DVVD\ DQG (35 ZDV REVHUYHG DOWKRXJK WR D YDU\LQJ
H[WHQW $JDLQ =Q VXOIDWH ZDV WKH PRVW DFWLYH FRPSRXQG *HQRWR[LFLW\ DVVD\V UHYHDOHG
FRQFHQWUDWLRQGHSHQGHQW'1$GDPDJHDQGLQGXFWLRQRIPLFURQXFOHLIRU=QVXOIDWHDQGWRD





&D62 SDUWLFOH ZDV GHWHFWHG LQ WKH F\WRSODVP ,Q WKH FDVH RI H[SRVXUH WR =Q VXOIDWH QR
SDUWLFOHV ZHUH IRXQG LQ WKH F\WRSODVP RI $ FHOOV EXW ZH REVHUYHG D FRQFHQWUDWLRQ
GHSHQGHQW LQFUHDVH LQ WKHQXPEHUDQGVL]HRIGDUNYHVLFOHV SUHVXPDEO\]LQFRVRPHV$IWHU
H[SRVXUHWR3E62WKH$FHOOVFRQWDLQHGLVRODWHGSDUWLFOHVDVZHOODVDJJORPHUDWHVERWKLQ
YHVLFOHV DQG LQ WKH F\WRSODVP 6LQFH WKHVH PHWDOVXOIDWH SDUWLFOHV DUH HPLWWHG LQWR WKH












$EEUHYLDWLRQV (WK\O PHWKDQHVXOIRQDWH (06 3RWDVVLXP VXSHUR[LGH .2 QDQR&DUERQ















$LUERUQH SDUWLFXODWH PDWWHU 30 LV NQRZQ WR FDXVH DGYHUVH KHDOWK HIIHFWV LQ KXPDQV
LQFOXGLQJ UHVSLUDWRU\ DQG FDUGLRYDVFXODU GLVHDVHV ,Q VHYHUDO HSLGHPLRORJLFDO VWXGLHV DQ
LQFUHDVHGPRUWDOLW\RUFDQFHUUDWHKDVEHHQOLQNHGWRDKLJKHUEXUGHQRISDUWLFOHVLQDPELHQW
DLU ,Q D UHFHQW VWXG\ZHKDYH LQYHVWLJDWHG FRPSUHKHQVLYHO\ WKHF\WRWR[LFDQGJHQRWR[LF
HIIHFWV LQ$KXPDQOXQJHSLWKHOLDOFHOOVRIFHUWDLQSDUWLFXODWHVIURPLQGXVWULDOVRXUFHV
3DUWLFXODWH HPLVVLRQV IURP YDULRXV LQGXVWULHV FRQWULEXWH QRWDEO\ WR WKH DWPRVSKHULF 30
&RDOILUHGSRZHUSODQWVHPLWVXEVWDQWLDODPRXQWVRIILQHSDUWLFOHVLQWRWKHDWPRVSKHUHZKHUH
WKH\ZLOOEHGLVWULEXWHGE\DWPRVSKHULFFLUFXODWLRQDQGHYHQWXDOO\UHPRYHGE\SUHFLSLWDWLRQRU
JUDYLWDWLRQDO VHWWOLQJ 6WDFN HPLVVLRQV UHVXOWLQJ IURP FRPEXVWLRQ RI FRDO DQG FRDOWLUH
PL[WXUHVLQDFRPPHUFLDOSRZHUSODQWKDYHEHHQVKRZQWRFRQWDLQYDULRXVW\SHVRIFU\VWDOOLQH
PHWDO VXOIDWHV LQFOXGLQJ 3E62 DQJOHVLWH =Q62Â+2 JXQQLQJLWH DQG &D62
DQK\GULWH $GGLWLRQDOO\ &D VXOIDWHV DQK\GULWH J\SVXP DUH QRW RQO\ HPLWWHG E\
DQWKURSRJHQLF VRXUFHV EXW DUH DOVR D FRPPRQ FRPSRQHQW RI QDWXUDO DWPRVSKHULF 30
([SHULPHQWVRQELRDFFHVVLELOLW\RIWKHHPLWWHG30UHYHDOHGVXEVWDQWLDODPRXQWVRI3EDQG=Q
DYDLODEOH LQVLPXODWHG OXQJIOXLGV3HRSOH OLYLQJQHDUFRDOILUHGSRZHUVWDWLRQVPD\LQKDOH
WKHHPLWWHGSDUWLFOHVDQGSRVVLEO\H[SHULHQFHDGYHUVHKHDOWKHIIHFWV
6R IDU LQIRUPDWLRQ RQ WKH SRWHQWLDO WR[LFLW\ RI VXFKPHWDOVXOIDWH SDUWLFOHV LV IUDJPHQWDU\
3E62 DQ RUWKRUKRPELF PLQHUDO LV FODVVLILHG LQ JURXS $ LH SUREDEO\ FDUFLQRJHQLF WR
KXPDQVDQGWKXVLWVXVHLQSDLQWVZDVGLVFRQWLQXHGLQWKH86LQ0RUHLQIRUPDWLRQLV
DYDLODEOH RQ JHQHUDO 3E SRLVRQLQJ :KHUHDV DFXWH HIIHFWV ZHUH RQO\ REVHUYHG IRU KLJK
PLOOLPRODU 3E FRQFHQWUDWLRQV FKURQLF H[SRVXUH LV NQRZQ WR FDXVH JHQHWLF GDPDJH LQ
KXPDQV/HDGHQWHUV WKHKXPDQERG\PDLQO\WKURXJKLQKDODWLRQDQGLQJHVWLRQDQGFDQ
DFFXPXODWH GDPDJLQJ WKHQHUYRXV V\VWHPDQG OHDGLQJ WREUDLQGLVRUGHUV ,W H[HUWV LWV WR[LF














IRXQG VOLJKW F\WRWR[LF HIIHFWV DQG LQFUHDVHG F\WRNLQH UHOHDVH LQ +%( FHOOV DIWHU








HIIHFWV LQ ,05 OXQJ FHOOV ZHUH REVHUYHG $W ORZHU FRQFHQWUDWLRQV &D SOD\V D YLWDO
SK\VLRORJLFDO UROH 7KXV ZLWKLQ WKH IUDPHZRUN RI WKH FHOOXODU &D KRPHRVWDVLV LQWDNH
VLJQDOLQJDQGVWRUDJHRI&DLVUHJXODWHGDQGFRQWUROOHGDQGGHUHJXODWLRQRI&DKRPHRVWDVLV






WR !PJ HOHPHQWDO=Q EXW LQKDODWLRQ RI VPDOO FRQFHQWUDWLRQV RI =Q2 PJPñ FDQ


















:H KDYH FKRVHQ WKHVH WKUHH SKDVHV EHFDXVH WKH\ DUH HPLWWHG LQWR WKH DWPRVSKHUH E\
FRPEXVWLRQRIFRDODQGFRDOWLUHPL[WXUHVDQGEHFDXVHWKH\GLVSOD\YHU\GLIIHUHQWSK\VLFDO
FKHPLFDO DQG VWUXFWXUDO SURSHUWLHV 3ULRU WR WKH FHOOH[SRVXUH H[SHULPHQWV WKH XVHG VXOIDWH
VDPSOHV ZHUH FKDUDFWHUL]HG E\ PLQHUDORJLFDO PHWKRGV LQFOXGLQJ SRZGHU ;UD\ GLIIUDFWLRQ
;5' VFDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 ODVHU GLIIUDFWLRQ DQG DWRPLF DEVRUSWLRQ
VSHFWURVFRS\$$6,QDGGLWLRQZHLQYHVWLJDWHGZKHWKHURUQRWSDUWLFOHVZHUHLQFRUSRUDWHG





(06 ZLWK D SXULW\ RI ! &$61R  DQG .2 ZHUH REWDLQHG IURP $OID $HVDU
.DUOVUXKH *HUPDQ\ 6WRFNVROXWLRQV ZHUH PDGH ZLWK '062 530,  PHGLXP ZDV
REWDLQHG IURP ,QYLWURJHQ 'DUPVWDGW *HUPDQ\ /JOXWDPLQH )HWDO %RYLQH 6HUXP )%6
WU\SVLQH('7$DQGSKRVSKDWHEXIIHUHGVDOLQH 3%6ZHUHSXUFKDVHGIURP3$$3DUVFKLQJ















&D62 DQK\GURXV SRZGHU PLQ&$61R ZDV REWDLQHG IURP$OID$HVDU
.DUOVUXKH*HUPDQ\DQGXVHGDVGHOLYHUHG=Q62Â+2SURDQDO\VL&$61R
ZDVRUGHUHGDW0HUFN&KHPLFDOV'DUPVWDGW*HUPDQ\DQGJURXQG LQGU\ IRUP LQDQDJDWH
PRUWDU 3E62 OHDG,, VXOIDWH 3XUDWURQLF PHWDOV EDVLV&$61RZDV
REWDLQHG IURP $OID $HVDU .DUOVUXKH *HUPDQ\ DQG PLOOHG  PLQ LQ GLVWLOOHG +2 LQ D
FRUXQGXP0F&URQH0LFURQL]LQJ0LOO=Q&O &$61RZDVVXSSOLHGE\6LJPD
$OGULFK 6WHLQKHLP 7KH SDUWLFOH SRVLWLYH FRQWURO TXDUW] 6L2 0LQ86LO  ZDV NLQGO\
SURYLGHG E\ 86 6LOLFD %HUNHOH\ 6SULQJV 86$ 3ULRU WR FKHPLFDO DQG SK\VLFDO
FKDUDFWHUL]DWLRQ DQG EHIRUH SUHSDULQJ WKH VXVSHQVLRQV IRU RXU H[SHULPHQWV DOO SDUWLFOH
VDPSOHVZHUHEDNHG IRUKDW&+HUDHXV.5( WRGHVWUR\HQGRWR[LQV WKDWPLJKW
FDXVHIDOVHSRVLWLYHUHVXOWVLQWKHELRDVVD\VHVSHFLDOO\LQUHJDUGWRVLJQDOLQJFDVFDGHV'XULQJ






WR GHWHUPLQH VL]H FRPSRVLWLRQ DQG VKDSH RI WKH SDUWLFOHV 7KHSDUWLFOHVZHUH VXVSHQGHG LQ
LVRSURSDQRO SUR DQDO\VL 0HUFN &KHPLFDOV 'DUPVWDGW *HUPDQ\ DQG VRQLFDWHG IRU 
PLQXWHVDW&LQDQXOWUDVRQLFZDWHUEDWK6XEVHTXHQWO\WKHVXVSHQVLRQVZHUHSLSHWWHGRQWR
DQDOXPLQXP6(0VDPSOHKROGHUFRYHUHGE\DFDUERQSDG3ODQR*PE+:HW]ODU*HUPDQ\
DQG FRDWHGZLWK  QP FDUERQ XVLQJ DQ (GZDUGV $XWR FDUERQ FRDWHU ,Q HDFK VDPSOH
('; VSHFWUD ZHUH REWDLQHG IURP DSSUR[LPDWHO\  LQGLYLGXDO SDUWLFOHV WR GHWHUPLQH WKH














;UD\ GLIIUDFWLRQ ;5' 7KH PHWDO VXOIDWHV ZHUH FKDUDFWHUL]HG E\ SRZGHU ;5' XVLQJ D
%UXNHU$;6'$GYDQFHGLIIUDFWRPHWHU7KHSDUWLFOHVZHUHGLVSHUVHGZLWKDFHWRQH3E62
&D62 RU LQ GU\ IRUP =Q62Â+2 RQWR ]HUREDFNJURXQG 6L VDPSOH KROGHUV DQG WKHQ
VFDQQHGIURPWRșZLWKDVWHSVL]HRIDQGDGZHOOWLPHRIVVWHSXVLQJ&X.D
UDGLDWLRQ7KHVSHFWUDZHUHFRPSDUHGZLWKWKH,&3')GDWDEDVHLQRUGHUWRLGHQWLI\WKHSKDVHV




UHILQHPHQW 723$6 VRIWZDUH YHUVLRQ  %UXNHU ,QF XVLQJ WKH IXQGDPHQWDO SDUDPHWHU
DSSURDFK WR GHWHUPLQH WKH SKDVHV SUHVHQW DQG WKHLU FRQFHQWUDWLRQV )RU PRUH GHWDLOHG
LQIRUPDWLRQWKHUHDGHULVUHIHUUHGWRWKH6XSSRUWLQJ,QIRUPDWLRQ





JUDSKLWHIXUQDFH$$6 3HUNLQ(OPHU =/ =HHPDQ DQG&D0J1D DQG=Q E\ IODPH
$$6$QDO\WLN -HQD$$69DULR(DFKPHDVXUHPHQWZDV UHSHDWHG WKUHH WLPHVXVLQJ WKH
VWDQGDUGPHWKRGGLUHFWDQDO\VLVRIWKHVROXWLRQRILQWHUHVWDIWHUFDOLEUDWLRQZLWKDUHVSHFWLYH
VWDQGDUG ZLWK NQRZQ FRQFHQWUDWLRQ $$6 ZDV DOVR XVHG WR GHWHUPLQH WKH PHWDO
FRQFHQWUDWLRQVLQWKHFXOWXUHPHGLXPDWWKHH[SHULPHQWDOFRQGLWLRQVLHDW&DQGDS+RI













%LRIXJH 3ULPR &HQWULIXJH &RQFHQWUDWLRQV RI &D =Q 3E DQG )H ZHUH GHWHUPLQHG LQ WKH
VXSHUQDWDQWVRI WKHVHVXOIDWHVXVSHQVLRQVDVZHOODV LQ WKHPHGLDGHYRLGRISDUWLFOHV530,





/DVHU GLIIUDFWLRQ 7KH SDUWLFOHVL]H GLVWULEXWLRQ RI WKH VXOIDWH SRZGHUV ZDV GHWHUPLQHG E\
ODVHUGLIIUDFWLRQ0DOYHUQ0DVWHUVL]HUXVLQJLVRSURSDQRODVGLVSHUVDQWGXULQJDQDO\VLV
)RUWKLVSXUSRVHWKHVXOIDWHSRZGHUVZHUHVXVSHQGHGLQLVRSURSDQRODQGVRQLFDWHGPLQLQ
DQ XOWUDVRQLFZDWHU EDWK DW  & WRPLQLPL]H DJJORPHUDWLRQ RI SDUWLFOHV ,VRSURSDQROZDV
FKRVHQ DV GLVSHUVDQW WR PLQLPL]H SDUWLFOH GLVVROXWLRQ EHIRUH DQG GXULQJ ODVHU GLIIUDFWLRQ
DQDO\VLV7KHUIRUHWKHREWDLQHGSDUWLFOHGLDPHWHUVFDQEHFRQVLGHUHGDVPD[LPXPYDOXHV7KH
GDWD ZHUH SURFHVVHG ZLWK WKH0DVWHUVL]HU 0LFURSOXV VRIWZDUH YHUVLRQ  EDVHG RQ WKH
DVVXPSWLRQRIHTXLYDOHQWGLDPHWHUVRIWKHSDUWLFOHVDQGE\XVLQJDGHQVLW\RIJFPIRU
&D62JFPñIRU=Q62Â+2JFPñIRU=Q62Â+2DQGJFPñIRU3E62




7KH WKHUPRG\QDPLF VRIWZDUHSDFNDJH3+5((4& IRU:LQGRZVZDVXVHG WR FDOFXODWH WKH
SKDVHVWKDWDUHOLNHO\WRSUHFLSLWDWHDW&DWDS+RIIURPWKH530,FXOWXUHPHGLXPDV
ZHOODVIURPWKHSDUWLFOHFRQWDLQLQJFXOWXUHPHGLXPVROXWLRQV7KHWKHUPR//1//DZUHQFH

















0HWDOVXOIDWHSDUWLFOH VXVSHQVLRQVZHUHSUHSDUHG IUHVKO\SULRU WRHDFK H[SHULPHQW3DUWLFOHV
ZHUH VXVSHQGHG LQ )%6IUHH FXOWXUH PHGLXP VXSSOHPHQWHG ZLWK  YRO /JOXWDPLQ DQG
YRO SHQLFLOOLQ VWUHSWRP\FLQ WR D FRQFHQWUDWLRQ RI  PJP/ 7KHVH VXVSHQVLRQV ZHUH
VRQLFDWHGIRUPLQDW&LQDQXOWUDVRQLFZDWHUEDWK6RQRUH[%DQGHOLQ%HUOLQ*HUPDQ\
WRHQVXUHKRPRJHQHRXVVXVSHQVLRQV6XEVHTXHQWO\WKHVXVSHQVLRQVZHUHGLOXWHGLQ)%6IUHH
FXOWXUHPHGLXP WRREWDLQ WKH UHTXLUHG FRQFHQWUDWLRQV IRU HDFKELRDVVD\&HOOVZHUHZDVKHG
ZLWK 3%6 DQG FXOWXUHPHGLD FRQWDLQLQJ )%6ZDV SURYLGHG EHIRUH DGGLQJ WKH SDUWLFOH
VXVSHQVLRQV,QHDFKELRDVVD\ WKHYROXPHRIFXOWXUHPHGLDZDVDGMXVWHGWRREWDLQWKHVDPH







$ REWDLQHG IURP WKH '60= 'HXWVFKH 6DPPOXQJ YRQ 0LNURRUJDQLVPHQ XQG
=HOONXOWXUHQ *PE+ %UDXQVFKZHLJ *HUPDQ\ 7KH FHOOV GHULYHG IURP DQ LQGLYLGXDO ZLWK
DOYHRODUFHOOFDUFLQRPDKDYHEHHQXVHGH[WHQVLYHO\WRDVVHVVW\SH,,FHOOIXQFWLRQEHFDXVH
PDQ\ FKDUDFWHULVWLFV RI QRUPDO W\SH,, FHOOV DUH UHWDLQHG 7KH FHOOVZHUH FXOWXUHG LQ530,












ZHUH WU\SVLQLVHG DW  FRQIOXHQF\ VHHGHG LQWR ZHOO WLVVXH SODWHV *UHLQHU











)RU HDFK VDPSOH EHWZHHQ  DQG FHOOVZHUH H[DPLQHG('; VSHFWUD VSRW VFDQZHUH
FROOHFWHGIURPWKHDFWXDOSDUWLFOHV0RUHRYHUZHSHUIRUPHG(';VSRWDQGDUHDVFDQVRQWKH
F\WRSODVPDQGWKHYHVLFOHVDVZHOODVRQWKHVWDLQXVHGDVSDUWRIWKHVDPSOHSUHSDUDWLRQ7KH
3E62 SDUWLFOHV ZHUH PRUH GLIILFXOW WR LGHQWLI\ EHFDXVH RI WZR UHDVRQV  WKH FRQWUDVWLQJ
PHGLXPXVHGGXULQJVDPSOHSUHSDUDWLRQFRQWDLQV3EDQGWKH6.DSHDNRYHUODSVZLWKWKH
3E0DSHDN7KHUHIRUHWKH3E62VDPSOHVKDGWREHLQYHVWLJDWHGPXFKPRUHPHWLFXORXVO\
,Q WZR LQVWDQFHV ZH ZHUH DEOH WR JHQHUDWH VHOHFWHG DUHD HOHFWURQ GLIIUDFWLRQ SDWWHUQV QRW















:H KDYH FKRVHQ WZR GLIIHUHQW HQGSRLQWV WR LQYHVWLJDWH F\WRWR[LF HIIHFWV WKH:67 DVVD\
5RFKH 'LDJQRVWLFV 0DQQKHLP *HUPDQ\ ZKLFK DVVHVVHV WKH FHOOXODU DFWLYLW\ DQG WKH
QHXWUDOUHG15XSWDNHDVVD\ZKLFKLQGLFDWHVO\VRVRPDOLQWHJULW\7KHDVVD\ZDVSHUIRUPHG
LQDZHOOSODWHZLWK[FHOOVLQ/FXOWXUHPHGLDFRQWDLQLQJ)%67KHGHWDLOV
RI WKH DVVD\V KDYH EHHQ SXEOLVKHG UHFHQWO\ )LUVW H[SHULPHQWVZHUH SHUIRUPHG WR UXOH RXW
LQWHUIHUHQFHVEHWZHHQWKHSDUWLFOHVDPSOHVDQGWKHGHWHFWLRQV\VWHPVRUWKHDVVD\UHDJHQWV1R









SDUWLFOHLQGXFHG R[LGDWLYH VWUHVV $IWHU IOXRUHVFHQFH PHDVXUHPHQW WKH ZHOO SODWH ZDV
IUR]HQDW&IRUTXDQWLILFDWLRQRIWRWDOSURWHLQFRQWHQWXVLQJWKH%&$DVVD\)OXRUHVFHQFH
LQWHQVLW\ ZDV H[SUHVVHG LQ UHODWLYH IOXRUHVFHQFH XQLWV 5)8 SHU J SURWHLQ FRPSDUHG WR
FRQWURO FHOOV ZLWKRXW SDUWLFOH WUHDWPHQW 4XDUW] 6L2 0LQ86LO  ZDV XVHG DV SRVLWLYH
FRQWURO(DFKH[SHULPHQWZDVSHUIRUPHGLQGHSHQGHQWO\LQWULSOLFDWH
)RUWKH(35H[SHULPHQWV[FHOOVZHUHVHHGHGLQZHOOSODWHVLQFXEDWHGIRUKDQG
H[SRVHG WR WKHSDUWLFOHVDPSOHV LQP/FXOWXUHPHGLDFRQWDLQLQJ)%6$IWHUH[SRVXUH
FHOOVZHUHZDVKHGZLWK.+%DQGLQFXEDWHGIRUPLQZLWK/.+%FRQWDLQLQJWKHVSLQ
SUREH&0+06XEVHTXHQWO\WKHFHOOVZHUHNHSWRQLFHXQWLOWKH(35PHDVXUHPHQW



























ZLWK3%6 WU\SVLQL]HG DQG FROOHFWHGE\ FHQWULIXJDWLRQ DW  USPIRUPLQDW &&HOOV




















LQIRUPDWLRQ RQ WKH FKURPRVRPHGDPDJLQJ SRWHQWLDO RI WKH LQYHVWLJDWHG VXEVWDQFHV 7KH
&RPHWDVVD\ZDVFDUULHGRXW LQDZHOOSODWH LQP/FXOWXUHPHGLDFRQWDLQLQJ)%6
















DQGWDLO LQWHQVLW\>@6()RU WKH&%01YLW WHVWDOOGDWDDUHH[SUHVVHGDVPHDQ6'RI
01%1& UDWLR RIPLFURQXFOHL SHU  ELQXFOHDU FHOOV 6WDWLVWLFDO VLJQLILFDQFHZDV
















IURP WRPZKHUHDV WKH3E62VDPSOHFRQWDLQVPRVWO\ URXQG WR VOLJKWO\ HORQJDWHG
SDUWLFOHV ZKLFK DUH  P DFURVV DQG RIWHQ SUHVHQW DV DJJORPHUDWHV 8VLQJ WKH %6(
LPDJLQJ PRGH LQ FRPELQDWLRQ ZLWK 6(0('; DQDO\VLV ZH VFDQQHG DSSUR[LPDWHO\ 







=Q62Â+2 DQG  WKH 3EVXOIDWH SRZGHU LV DQJOHVLWH 3E62 2QH RI WKH GLIILFXOWLHV
HQFRXQWHUHGGXULQJRXU VWXG\ LV WKHSURQRXQFHGK\JURVFRSLFEHKDYLRURIJXQQLQJLWHZKLFK
FDQEHWUDQVIRUPHGHDVLO\LQWRRWKHU=QVXOIDWHK\GUDWHVGHSHQGLQJRQUHODWLYHKXPLGLW\
'XULQJ WKH FRXUVH RI RXU VWXG\ WKH RULJLQDO JXQQLQJLWH EOXH OLQH LQ )LJ % ZDV LQGHHG
WUDQVIRUPHGSDUWLDOO\ LQWRER\OHLWH D=QVXOIDWHWHWUDK\GUDWH =Q62Â+2 DV GRFXPHQWHG
E\ WKH;5' SDWWHUQ RI D VDPSOH WKDWZDV NHSW LQ D FORVHG FRQWDLQHU IRU DSSUR[LPDWHO\ 
PRQWKVDIWHUKHDWWUHDWPHQWJUHHQOLQHLQ)LJ%5LHWYHOGUHILQHPHQWRIWKH;5'GDWDIRU

















DEUDVLRQ SURGXFW RI RXU FRUXQGXPPLFURQL]LQJPLOO 7KH SUHVHQFH RI DQ $O SKDVH LQ WKH
3E62VDPSOHZDVFRQILUPHGE\WKH6(0REVHUYDWLRQVDQGWKH$$6GDWD7KHVHGDWDUHYHDO
WKDW WKH PLOOHG DQG KHDWHG SRZGHU FRQWDLQV  ZW $O RQ WKH RWKHU KDQG QR $O ZDV
GHWHFWHGLQWKHRULJLQDOQRQPLOOHGSRZGHU7DEOH6PDOODPRXQWVRI$OSSPDUHDOVR








 DQG  P UHG OLQHV LQ WKH &D62 =Q62Â+2 =Q VXOIDWH DQG 3E62 VDPSOHV





WKDQ WKDW RI DQK\GULWH ORJ.VS    DQG DQJOHVLWH ORJ.VS  7R ILQGRXW WRZKLFK
H[WHQW WKH VXOIDWHV ZHUH GLVVROYHG LQ WKH FXOWXUH PHGLXP WKH PHWDO FRQFHQWUDWLRQV LQ WKH





















DIWHU H[SRVXUH WR &D62 SDUWLFOHV LUUHVSHFWLYH RI SDUWLFOH FRQFHQWUDWLRQ DQG GXUDWLRQ RI
H[SRVXUH )LJ6 LQ6XSSRUWLQJ,QIRUPDWLRQ$IWHUVFDQQLQJFHOOVSHUVDPSOHRQO\
RQH&D62SDUWLFOHZDVGHWHFWHG LQ WKHF\WRSODVPRIDQ$FHOO )LJ6% LQ6XSSRUWLQJ
,QIRUPDWLRQ
1R=QVXOIDWH SDUWLFOHVZHUH IRXQG LQ DQ\RI WKH LQYHVWLJDWHG7(0 VDPSOHV+RZHYHU WKH
$FHOOVGLVSOD\HGPRUSKRORJLFDOFKDQJHVDIWHUH[SRVXUHWR=QVXOIDWHIRUKPRUHWKDQ
 RI DOO VWXGLHG FHOOV VKRZ VHYHUDO YHVLFOHV EULJKW LQ 7(0 LPDJHV VHH )LJ  7KHVH
YHVLFOHVDUH W\SLFDOO\PDFURVVRFFDVLRQDOO\XSWRPLQGLDPHWHUDQGRFFXU
PRVWO\ RQ WKH FHOO VXUIDFH EXW DOVR LQ WKH F\WRSODVP )LJ  )XUWKHUPRUH RQO\ FHOOV WKDW
ZHUH H[SRVHG WR WKH =QVXOIDWH SRZGHU FRQWDLQ VHYHUDO URXQGHG WR VOLJKWO\ HORQJDWHG GDUN
YHVLFOHV :H WKHUHIRUH DVVXPH WKDW WKHVH YHVLFOHV PD\ EH LQWUDFHOOXODU =Q SRROV DOUHDG\
GHVFULEHGDV]LQFRVRPHV7KH\DUHVPDOOHUPDFURVVDQGRFFXUOHVVIUHTXHQWO\LQ
FHOOV H[SRVHG WR  JFPð =Q VXOIDWH )LJ $ % WKDQ LQ WKRVH H[SRVHG WR D SDUWLFOH
FRQFHQWUDWLRQRIJFPð)LJ&)
$IWHU H[SRVLQJ WKH $ FHOOV WR  JFPð 3E62 IRU  K )LJ $ % ZH REVHUYHG











YHVLFOHV DUH ODUJHU  P DQG PXFK PRUH DEXQGDQW LQ FHOOV WKDW ZHUH H[SRVHG WR
JFPð3E62IRUK)LJ&'VRPHRIWKHVHYHVLFOHVDUHHORQJDWHGDQGPD\EHDV
ODUJHDV[P7KH3E62SDUWLFOHVRFFXUDVHLWKHU LQGLYLGXDOSDUWLFOHVRUDJJORPHUDWHV
DWWDFKHG WR WKH FHOO VXUIDFH IUHH LQ WKH F\WRSODVP RU LQ YHVLFOHV VHH 7DEOH 6$IWHU K
H[SRVXUH3E62SDUWLFOHVDUHSUHVHQWDVVXEKHGUDO WRDQKHGUDOFU\VWDOV )LJ%VLPLODU WR
WKHRULJLQDOPDWHULDO$IWHUKH[SRVXUHWKH3E62SDUWLFOHVKDYHDQHHGOHOLNHWRIHDWKHU\




3DUWLFOHV RI &D62 GLG QRW FDXVH DQ\ VLJQLILFDQW UHGXFWLRQ RI FHOO YLDELOLW\ QHLWKHU LQ WKH
:67QRULQWKH15XSWDNHDVVD\)LJV)RU3E62DUHGXFWLRQRIFHOOYLDELOLW\ZDV
REVHUYHG DW  JFPð LQ WKH:67 DVVD\  S DVZHOO DV LQ WKH15XSWDNH
DVVD\QRWVLJQLILFDQW=LQFVXOIDWHVKRZHGDGHFUHDVHGYLDELOLW\IRUFRQFHQWUDWLRQVRI
DQGJFPðLQWKH:67DVVD\)LJDQGRIJFPðSLQWKH15




6LQFH R[LGDWLYH VWUHVV LV NQRZQ WR LQIOXHQFH FHOO YLDELOLW\ 526 IRUPDWLRQ LQGXFHG E\ WKH
WKUHH W\SHV RI PHWDO VXOIDWHV ZDV DVVHVVHG DIWHU GLIIHUHQW WLPH SRLQWV XVLQJ WKH'&)+'$
DVVD\ ,QWHUHVWLQJO\ WKHGDWD IRU&D62GLVSOD\DFRQFHQWUDWLRQGHSHQGHQWEXW LQYHUVHWLPH
GHSHQGHQW526IRUPDWLRQ)LJ$+LJKHVWOHYHOVRI'&)IOXRUHVFHQFHZHUHREVHUYHGDIWHU
 K IRU  JFPð IROG S DQG  JFPð IROG S$IWHU K RI
H[SRVXUH WRJFP526 IRUPDWLRQGHFUHDVHG WRIROG UHDFKLQJHYHQ ORZHU OHYHOV











FRQFHQWUDWLRQ DQG D WLPHGHSHQGHQW 526 SURGXFWLRQ FRXOG EH GHWHFWHG )LJ %
6LJQLILFDQWO\ LQFUHDVHG 526 SURGXFWLRQ ZDVPHDVXUHG DIWHU  K DW D FRQFHQWUDWLRQ RI 
JFPðIROGS$IWHUKHYHQVWURQJHU'&)IOXRUHVFHQFHZDVREVHUYHGIRUWKH
ORZHUFRQFHQWUDWLRQVJFPðIROGUHDFKLQJDVLJQLILFDQWOHYHODWJFPð
IROG S$IWHU K H[SRVXUH526SURGXFWLRQ LQFUHDVHG DOUHDG\ DW  JFPð 
IROGDQGZDVSURQRXQFHGDWJFPðIROGS&RQFHQWUDWLRQV!JFPðZHUH





VXSHUR[LGH UDGLFDOV GR QRW UHDFWZLWK WKH G\H 7KHUHIRUH(35 DQDO\VLVZDV SHUIRUPHG WR
DVVHVV SDUWLFOHLQGXFHG VXSHUR[LGH IRUPDWLRQ LQ WKH $ FHOOV $IWHU  K LQFUHDVHG
VXSHUR[LGH IRUPDWLRQ ZDV REVHUYHG IRU DOO VXEVWDQFHV WHVWHG EXW IRU HDFK RI WKH PHWDO
VXOIDWHV ORZHU (35 VLJQDOV ZHUH PHDVXUHG IRU WKH KLJKHU FRQFHQWUDWLRQV )LJ  $W
JFPIRUH[DPSOH&D62OHGWRDQLQFUHDVHFRPSDUHGWRWKHXQWUHDWHGFHOOVIROG
ZKHUHDV DW  JFPð WKH (35 VLJQDO ZDV RQO\  WLPHV KLJKHU WKDQ WKDW VHHQ LQ WKH
XQWUHDWHG FHOOV 6LPLODUO\ H[SRVXUH WR  JFPð =Q VXOIDWH FDXVHG D IROG LQFUHDVH
FRPSDUHGWRWKHXQWUHDWHGFRQWUROZKHUHDVH[SRVXUHWRJFPðOHGWRDIROGLQFUHDVH

















LQFUHDVH RI -& PRQRPHUV XVHG DV D PDUNHU RI GHSRODUL]DWLRQ RI WKH PLWRFKRQGULDO
PHPEUDQHZDVREVHUYHGIRU=QVXOIDWHDQG3E62FRPSDUHGWRWKH








H[SRVXUH RI $ FHOOV DV GHWHUPLQHG E\ WKH SDUDPHWHUV270 DQG 7DLO '1$  LQ WKH
FRPHWDVVD\)LJDOWKRXJKWRDYDU\LQJH[WHQW$VLJQLILFDQWO\LQFUHDVHG'1$PLJUDWLRQ
ZDV REVHUYHG IRU &D62 DW  JFPð    270 S DQG D PD[LPXP ZDV
UHDFKHG IRU  JFPð   270 S )LJ $ 7KH VPDOOHVW LQFUHDVHZDV









WUHDWPHQW RI WKH FHOOV ZLWK FXOWXUH PHGLXP RQO\ ZDV  WR 01%1& 7KH SRVLWLYH
FRQWURO (06  0 LQGXFHG    01 %1& )LJ  &D62 H[KLELWHG D

















FHOO SUROLIHUDWLRQ LQ DQ\ RI WKH VDPSOHV DQDO\]HG VHH GLDPRQGV LQ )LJ $ & )RU =Q









WR LQWHUIHUHQFHV ZLWK WKH DVVD\ V\VWHP FRQFHQWUDWLRQV KLJKHU WKDQ  JFPð FDQQRW EH
PHDVXUHGIRU&D62&HOOF\FOHPHDVXUHPHQWVLQ$FHOOVDIWHUH[SRVXUHWRJFPð=Q
VXOIDWH IRU K UHYHDOHG DGUDPDWLF LQFUHDVH LQ WKHSHUFHQWDJHRIFHOOV LQ WKH*SKDVH ,Q
FRQWUDVW DIWHU H[SRVXUH WR 3E62 D FRQFHQWUDWLRQGHSHQGHQW LQFUHDVH RI WKH VXE*

















)LJ $ /RZHU RU KLJKHU FRQFHQWUDWLRQV  DQG  JFPð UHVSHFWLYHO\ VKRZHG QR
HIIHFWRQ1)ț%$GGLWLRQDOH[SHULPHQWVZHUHSHUIRUPHGWRDQDO\]HWKHHIIHFWRI&D62RQ
71)ĮLQGXFHG1)ț%DFWLYDWLRQ3UHWUHDWPHQWZLWKWRJFPðRI&D62SDUWLFOHVDQG
VXEVHTXHQW VWLPXODWLRQZLWK71)Į UHVXOWHG LQD VWURQJ1)ț%DFWLYDWLRQFRPSDUDEOH WRRU
HYHQVWURQJHUWKDQWKDWUHVXOWLQJIURPWUHDWPHQWZLWK71)ĮDORQHVHH)LJ%,WLVRIQRWH
WKDW SUHWUHDWPHQW ZLWK  JFPð &D62 FRPSOHWHO\ LQKLELWHG WKH 71)ĮLQGXFHG 1)ț%
DFWLYDWLRQ




E\ WKH DQWLERG\ LQGLFDWLQJ WKDW WKLV FRPSOH[ LV FRPSRVHG RI S EXWPDLQO\ RI D QRW \HW




























ZLWK H[SRVXUH WR  JFPð 3E62 IRU  WR  K EXW QR GHWHFWDEOH LQFUHDVH LQ 1)ț%
DFWLYDWLRQZDVREVHUYHGGDWDQRWVKRZQ
7R GHWHUPLQH WKH LQIOXHQFH RQ -1. WKH $ FHOOV ZHUH WUHDWHG ZLWK &D62  ±
JFPð DQG =Q VXOIDWH  ±  JFPð IRU  DQG  K )LJ  $ FRPELQDWLRQ RI
DFWLQRP\FLQ'Q0DQG71)ĮQJP/ZDVXVHGDVDSRVLWLYHFRQWUROZKLFKFDXVHGD


















1XPHURXV HSLGHPLRORJLFDO VWXGLHV KDYH GRFXPHQWHG FRUUHODWLRQV EHWZHHQ H[SRVXUH WR
DLUERUQH 30 RI YDU\LQJ VL]H DQG FRPSRVLWLRQ ZLWK DGYHUVH KHDOWK HIIHFWV VXFK DV




HPLVVLRQV IURP D SRZHU VWDWLRQ WKDW FRPEXVWHG FRDO DQG D FRDOWLUH PL[WXUH :H DOVR
SHUIRUPHGLQYLWURELRORJLFDOLQYHVWLJDWLRQVWRHYDOXDWHWKHWR[LFSRWHQWLDORIWKHVHSDUWLFXODWHV
LQ$FHOOV
6XOIDWH XSWDNH2XU 7(0 VWXGLHV UHYHDOHG QR HIIHFW RQ WKH DSSHDUDQFH RI WKH$ FHOOV
H[SRVHG WR&D62 FRPSDUHG WR WKH QRQH[SRVHGFHOOV ,QRXU H[SHULPHQWV RQO\RQH&D62
SDUWLFOHZDVIRXQGLQWKHF\WRSODVPDQGQRQHLQYHVLFOHV7KH$$6GDWDVKRZHGWKDW&D62
ZDVGLVVROYHGLQWKHFXOWXUHPHGLXPWRDFRQVLGHUDEOHH[WHQW7DEOHLQDJUHHPHQWZLWKRXU
WKHUPRG\QDPLF 3+5((4& PRGHOLQJ ZKLFK SUHGLFWV WKDW WKH SDUWLFOHFRQWDLQLQJ FXOWXUH
PHGLXPLVXQGHUVDWXUDWHGZLWKUHVSHFW WR&D62DQGRWKHU&DVXOIDWHVHJJ\SVXPDW WKH
H[SHULPHQWDO FRQGLWLRQV 7DEOH 6 6XSSRUWLQJ ,QIRUPDWLRQ :H FDOFXODWHG WKDW RWKHU &D
SKDVHVKRZHYHUPD\SUHFLSLWDWHIURPWKLVVROXWLRQDW&DQGS+EXWGLVVROYHXQGHU
DFLGLFFRQGLWLRQV,QWUDFHOOXODUGLVVROXWLRQRI&DSKDVHVPD\DOVREHGULYHQE\WKHIRUPDWLRQ
RI RUJDQLF FRPSOH[HVZKLFK LV QRW LQFOXGHG LQ WKH 3+5((4&PRGHO 6LQFH ZH REVHUYHG
ELRORJLFDO HIIHFWV DIWHU H[SRVXUH RI $ FHOOV WR &D62 ZH FRQFOXGH WKDW WKH FHOOXODU















DWDS+RI 7DEOH7KLV LV LQDFFRUGDQFHZLWKRXU3+5((4&FDOFXODWLRQV LQGLFDWLQJ
WKDW WKH SDUWLFOH VXVSHQVLRQV DUH XQGHUVDWXUDWHGZLWK UHVSHFW WR =QVXOIDWH SKDVHV EXWPD\
SUHFLSLWDWH RWKHU =Q SKDVHV VXFK DV =Q FDUERQDWH DQG =Q2 DW D S+ RI  7DEOH 6
6XSSRUWLQJ ,QIRUPDWLRQ $W D O\VRVRPDO S+ RI  WKH SDUWLFOHFRQWDLQLQJ VROXWLRQ LV
XQGHUVDWXUDWHG ZLWK UHVSHFW WR DOO FRQVLGHUHG =Q SKDVHV LH WKH\ VKRXOG QRW SUHFLSLWDWH
+RZHYHU D FRQFHQWUDWLRQGHSHQGHQW LQFUHDVH LQ QXPEHU DQG VL]H RI GDUN YHVLFOHV ZDV
REVHUYHG)LJ)RUPDWLRQRIWKHVHGDUNYHVLFOHVFRXOGEHGXHWRWZRSRVVLEOHPHFKDQLVPV
=QVXOIDWHSDUWLFOHVPLJKWKDYHEHHQHQJXOIHGE\$FHOOVDQGJUDGXDOO\GLVVROYHGLQWKH
DFLGLF HQYLURQPHQW LQVLGH WKH HQGRVRPHV DV REVHUYHG SUHYLRXVO\ IRU =Q2  0RUH
OLNHO\KLJKDPRXQWVRI=QVXOIDWHGLVVROYHGLQWKHFXOWXUHPHGLXPDVFRQILUPHGE\RXUGDWD
7DEOH 7KH UHOHDVHG=Qð LRQV KDYH WKHQ EHHQ WDNHQ XS E\$ FHOOV DV GHVFULEHG IRU
=Q2$IWHUDFWLYHXSWDNHYLD]LQFLURQUHODWHGWUDQVSRUWHUSURWHLQV=,3LQWUDFHOOXODU=Q
WUDQVSRUWHU =Q7DQGPHWDOORWKLRQHLQFRQWUROOHG=QKRPHRVWDVLV OHG WR VHTXHVWUDWLRQRI WKH









XOWUDILQH PDJQHWLWH SDUWLFOHV REVHUYHG LQ $ FHOOV ZKLFK ZHUH H[SRVHG WR VLPLODU
FRQFHQWUDWLRQV7KH7(0LQYHVWLJDWLRQVUHYHDOHGWKDWLQWKHVDPSOHH[SRVHGWRJFPð
3E62 IRU K WKH3E62SDUWLFOHV H[KLELWHG VKDUSERXQGDULHV LQERWK WKHYHVLFOHVDQG WKH















WKH FRQWUDVWLQJ PHGLXP XVHG GXULQJ VDPSOH SUHSDUDWLRQ 5DWKHU LW VHHPV WKDW WKH 3E62
SDUWLFOHV UHDFWHGZLWK &D ZKLFKPLJKW EH GHULYHG IURP WKH&DFRQWDLQLQJ FXOWXUHPHGLXP
7DEOH$VH[SHFWHGIRUWKH3EVXOIDWHVDPSOHV$O2FU\VWDOVUHVXOWLQJIURPWKHPLOOLQJ
SURFHVV LQ RXU FRUXQGXP PLFURQL]LQJ PLOO ZHUH DOVR REVHUYHG 7DEOH 6 6XSSRUWLQJ
,QIRUPDWLRQ $FFRUGLQJ WR OLWHUDWXUH GDWD KRZHYHU $O2 SDUWLFOHV GR QRW LQGXFH
FRQVLGHUDEOH WR[LF HIIHFWV LQ YDULRXV FHOO OLQHV IRU FRQFHQWUDWLRQV XS WR  JFPð
JP/LQGLFDWLQJWKDWWKHHIIHFWVZHREVHUYHGIRU3E62VKRXOGQRWEHLQIOXHQFHG
E\WKHSUHVHQFHRI$O2SDUWLFOHV
























7(0LPDJHVZKHUHH[SRVXUH WR=QVXOIDWH OHDGV WRRFFXUUHQFHRIGDUNYHVLFOHVZKLFKFDQ
KDYHGLIIHUHQWDSSHDUDQFHV)LJ)XUWKHUPRUHERWKVL]HDQGQXPEHURIWKHVHGDUNYHVLFOHV
DUHFRQFHQWUDWLRQGHSHQGHQW&\WRWR[LFHIIHFWVRI=QVXOIDWHLQ$ZHUHIRXQGIRUVLPLODU
FRQFHQWUDWLRQV LQ WKH VXOSKRUKRGDPLQH % DVVD\ 7KH REVHUYHG F\WRWR[LF HIIHFWV DUHPRVW
OLNHO\ GXH WR WKH =Q LRQV UDWKHU WKDQ WKH VXOIDWH LRQV WKLV FRQFOXVLRQ LV VXSSRUWHG E\ RXU
DGGLWLRQDOF\WRWR[LFLW\WHVWVZKLFKVKRZHGWKDW=Q&ODUHDGLO\VROXEOHFRPSRXQG7DEOH6
6XSSRUWLQJ ,QIRUPDWLRQ H[KLELWHG SURQRXQFHG F\WRWR[LF HIIHFWV HYHQ VWURQJHU WKDQ WKRVH
FDXVHGE\=QVXOIDWH)LJ66XSSRUWLQJLQIRUPDWLRQ2XUUHVXOWVLQGLFDWHWKDWWKHLQFUHDVHG
526 SURGXFWLRQ )LJ % D VOLJKWO\ LQFUHDVHG PHPEUDQH GHSRODUL]DWLRQ )LJ  -1.
DFWLYDWLRQ )LJ % DQG D VLJQLILFDQW * DUUHVW )LJ  DUH LQYROYHG LQ WKH REVHUYHG
F\WRWR[LFHIIHFWV6SHFLDODWWHQWLRQVKRXOGEHSDLGWRWKHRFFXUUHQFHRIYHVLFOHVZHOOLQJ)LJ
&( DIWHU H[SRVXUH RI $ WR  JFPð =Q VXOIDWH %DVHG RQ WKHVH REVHUYDWLRQV WKH
IROORZLQJ PHFKDQLVP IRU =Q VXOIDWHPHGLDWHG FHOOXODU UHVSRQVH FDQ EH FRQVLGHUHG DIWHU
XSWDNH=QZLOOSUREDEO\EHVWRUHGLQ]LQFRVRPHVWRPDLQWDLQLQWUDFHOOXODU=QKRPHRVWDVLV
8QGHU SK\VLRORJLFDO FRQGLWLRQV =Q UHOHDVH IURPPHWDOORWKLRQHLQ FRQWULEXWHV WR WKH QRUPDO
SURJUHVVLRQ RI DXWRSKDJ\ +LJK =Q FRQFHQWUDWLRQV PD\ OHDG WR DFWLYDWLRQ RI H[FHVV
DXWRSKDJ\DSURFHVVWKDWFRXOGH[SODLQWKHDSSHDUDQFHRIGDUNYHVLFOHVDQGWKHFRQFHQWUDWLRQ
GHSHQGHQWLQFUHDVHLQYHVLFOHQXPEHUDQGVL]HVHHRXU7(0LPDJHVLQ)LJDQGXOWLPDWHO\
DIIHFW WKH PHPEUDQH LQWHJULW\ RI HQGRVRPHV DQG YHVLFXODU =Q SRROV 5XSWXUH RI WKH
PHPEUDQH UHVXOWV LQ UDSLG =Q UHOHDVH DQG OHDNDJH RI 526 DQG GHJUDGLQJ HQ]\PHV HJ
FDWKHSVLQDQG'1$VHLQWRWKHF\WRSODVPZKHUHLWFDQLQGXFHFHOOGHDWK(YLGHQFHIRUWKH
SURSRVHGPHFKDQLVP LV JLYHQ E\.DR HW DOZKR GHPRQVWUDWHG UHFHQWO\ WKDW =Q UHOHDVHG
IURP =Q2 QDQRSDUWLFOHV LQ HQGRVRPHV LQWHUIHUHG ZLWK =Q KRPHRVWDVLV OHDGLQJ WR
GHVWDELOL]DWLRQ RI WKH HQGRVRPDO PHPEUDQH DQG FHOO GHDWK ,Q FRQWUDVW %XHUNL HW DO













WKH RQVHW RI =QPHGLDWHG FHOO GHDWK LQ $ LV WULJJHUHG E\ H[FHVV DXWRSKDJ\ GXH WR
GHUHJXODWLRQRI=QKRPHRVWDVLV
526 SURGXFWLRQ $Q LQFUHDVLQJ QXPEHU RI VWXGLHV RQ SDUWLFOHPHGLDWHG WR[LF HIIHFWV
LGHQWLILHG R[LGDWLYH VWUHVV DV D NH\ PHFKDQLVP IRU FRQVHFXWLYH FHOOXODU UHVSRQVHV ,Q WKLV
VWXG\ WKH'&)+'$DVVD\ZDVSHUIRUPHG IRUPHDVXUHPHQWRI XQVSHFLILF526SURGXFWLRQ
DQG(35 IRU VXSHUR[LGH SURGXFWLRQ LQ$ FHOOV$FRQFHQWUDWLRQGHSHQGHQW IRUPDWLRQ RI
526DIWHUH[SRVXUHWR&D62ZDVREVHUYHGZLWKWKH'&)+'$DVVD\DIWHUK)LJ$EXW
ORQJHULQFXEDWLRQSHULRGVOHGWRDGHFOLQHLQWKH526OHYHOVLQ$)RU=QVXOIDWHLQFUHDVHG
526 OHYHOVZHUHGHWHUPLQHG LQD WLPHDQGFRQFHQWUDWLRQGHSHQGHQWPDQQHUDIWHUK )LJ
%ZKHUHDVH[SRVXUHWRKLJKFRQFHQWUDWLRQVRI3E62UHVXOWHGLQLQFUHDVHG526IRUPDWLRQ
DIWHUKZLWKDIXUWKHULQFUHDVHDIWHUKLQFXEDWLRQ)LJ&&RPSDUHGWRWKH'&)+'$
DVVD\ DQ LQFUHDVHG VXSHUR[LGH IRUPDWLRQ ZDV DOUHDG\ REVHUYHG IRU FRQVLGHUDEO\ ORZHU
FRQFHQWUDWLRQV RI DOO VXOIDWHV WHVWHG E\ (35 )LJ  1RWDEO\ WKLV HIIHFW ZDV VPDOOHU IRU
KLJKHU FRQFHQWUDWLRQV7KHVH UHJUHVVLYHHIIHFWVPD\KDYHEHHQ LQGXFHGE\ DFWLYDWLRQRI WKH
UHGR[VHQVLWLYHWUDQVFULSWLRQIDFWRUQUIDQGVXEVHTXHQWXSUHJXODWLRQRIFHOOXODUDQWLR[LGDWLYH





GLVFXVVHG LQ WKH VHFWLRQ RQ VXOIDWH XSWDNH VHH DERYH WKH &D62 SDUWLFOHVZHUH GLVVROYHG
HLWKHULQWKHFXOWXUHPHGLXPRUZLWKLQWKHFHOOVDIWHUXSWDNH,QDGGLWLRQZHREVHUYHGDVOLJKW
LQFUHDVH LQ1)ț%'1$ELQGLQJ DFWLYLW\ DIWHU  K H[SRVXUH WR  JFPð )LJ $ 7KH














&D KRPHRVWDVLV 7KH LQFUHDVHG VXSHUR[LGH OHYHO DW ORZ FRQFHQWUDWLRQV )LJ  PD\ EH
H[SODLQHGE\WKHXSWDNHRISDUWLFOHVYLDSKDJRF\WRVLVDVVKRZQE\WKH7(0LPDJHV)LJ
OHDGLQJ WR 12; DFWLYDWLRQ ,Q DGGLWLRQ D UHGXFHG 62' DFWLYLW\ FRXOG KDYH UHVXOWHG LQ
UHWDUGHG GHJUDGDWLRQ DQG DFFXPXODWLRQRI VXSHUR[LGHVPHDVXUHG E\(35 )LJ +LJKHU
3E62FRQFHQWUDWLRQVZHUHQHFHVVDU\WRVLJQLILFDQWO\LQFUHDVH526SURGXFWLRQLQWKH'&)+









)RU&D62ZH REVHUYHG DQ LQFUHDVH LQ1)ț%'1$ELQGLQJ DFWLYLW\ DIWHU K H[SRVXUH WR
JFPð )LJ $ 6LQFH ZH FRXOG QRW GHWHFW DQ\ ORVV LQ YLDELOLW\ )LJV   QRU
VLJQLILFDQW 526 SURGXFWLRQ IRU WKLV FRQFHQWUDWLRQ WKH DFWLYDWLRQ RI 1)ț% FRXOG SRVVLEO\
OHDG WR D GHWR[LILFDWLRQ RI 526 YLD V\QWKHVLV RI DQWLR[LGDQW PROHFXOHV )RU KLJKHU
FRQFHQWUDWLRQVQRLQFUHDVHRI1)ț%'1$ELQGLQJDFWLYLW\EXWLQFUHDVHG526IRUPDWLRQFDQ
EHREVHUYHGVXJJHVWLQJWKDWWKHFHOOXODUDQWLR[LGDWLYHFDSDFLW\PD\KDYHEHHQH[KDXVWHGDQG













LQFUHDVH LQ 71)ĮSURWHLQ OHYHO 7KHVH HIIHFWV ZHUH UHGXFHG E\ DGGLQJ WKH &DFKDQQHO
EORFNHU YHUDSDPLO DQG 526 LQKLELWRUV ,Q DJUHHPHQW ZLWK %URZQ HW DO ZH REVHUYHG DQ
LQFUHDVH LQ '1$ ELQGLQJ RI WKH SS 1)ț% VXEXQLW )LJ & ,, +RZHYHU WKH
FRPSRVLWLRQRIWKHXSSHUEDQG,VWLOOUHPDLQVXQFOHDUDVWKHEDQGFRXOGQRWEHVKLIWHGE\WKH
DQWLS DQWLERG\ $GGLWLRQDOO\ SUHWUHDWPHQW ZLWK &D62  JFP IROORZHG E\
VWLPXODWLRQZLWK 71)Į VLPXODWLQJ DQ DFXWH LQIODPPDWLRQ LQKLELWHG 71)ĮLQGXFHG1)ț%
'1$ELQGLQJZKHUHDVQRHIIHFWZDVREVHUYHGIRUORZHU&D62FRQFHQWUDWLRQV)LJ%,Q
FRQWUDVW WR SUHYLRXV UHVXOWV REWDLQHG ZLWK PDJQHWLWH QDQRSDUWLFOHV ZH GLG QRW REVHUYH D
FRQFHQWUDWLRQGHSHQGHQW UHGXFWLRQ RI1)ț% DFWLYDWLRQ EXW UDWKHU D WKUHVKROG OHYHO RI 
JFPð&D62DERYHZKLFK71)ĮVWLPXODWLRQZDVQRWDEOHWRDFWLYDWH1)ț%7KHVHUHVXOWV
DUH LQDJUHHPHQWZLWK WKH VWXG\RI:RQJHW DOZKRREVHUYHG DGLPLQLVKHG71)ĮLQGXFHG
1)ț% DFWLYDWLRQ LQ $ FHOOV DIWHU VWUHVV LQGXFWLRQ E\ KHDW VKRFN RU VRGLXP DUVHQLWH
7KHVH VWUHVV UHVSRQVHV LQFUHDVHG WKH DPRXQW DQG LQKLELWHG WKH GHJUDGDWLRQ RI ,ț%ĮZKLFK
UHWDLQV1)ț% LQ WKHF\WRVRO+RZHYHU1)ț%DFWLYDWLRQZDVQRWFRPSOHWHO\ DEROLVKHG DV
REVHUYHGLQRXUVWXGLHV$EVRUSWLRQRI71)ĮRQWKHSDUWLFOHVXUIDFHDVSUHYLRXVO\VKRZQIRU






















WR DSRSWRVLV WKLVPHFKDQLVPFRXOG EH RQH H[SODQDWLRQ IRU WKH FHOO GHDWK REVHUYHG LQ WKH
:67DQG15DVVD\V)LJZKLFKVWDUWHGDWJFPð/RZHUFRQFHQWUDWLRQVGLGQRW
DFWLYDWH -1. EXW GLG DFWLYDWH 1)ț% ZKLFK FDQ QHJDWLYHO\ UHJXODWH -1. VLJQDOLQJ E\
XSUHJXODWLQJDQWLDSRSWRWLFJHQHV
7KHH[SHULPHQWVZLWKGLIIHUHQW526VFDYHQJHUVVKRZHGWKDWRQO\1$&EXWQRW%+$UHGXFHG
WKH 1)ț% OHYHOV )LJ % DQG -1. DFWLYDWLRQ )LJ 6 6XSSRUWLQJ ,QIRUPDWLRQ 7KHVH
UHVXOWVFRXOGEHH[SODLQHGHLWKHUE\WUDSSLQJGLIIHUHQWNLQGVRI526RUPRUH OLNHO\E\
WKHDELOLW\RI1$&WRFKHODWH=QLRQV
*HQRWR[LFLW\ DQG FHOOF\FOH FKDQJHV )RU &D62 VLJQLILFDQW '1$GDPDJH DQG 01






K+RZHYHU IRUJFPðQR LQFUHDVH LQ'&) IOXRUHVFHQFHFRXOGEHREVHUYHGDIWHUK
)LJ $ EXW VXSHUR[LGH OHYHO )LJ  DQG01 IRUPDWLRQ )LJ $ LQFUHDVHG DW WKLV
WLPHSRLQW 5DGLFDOV PD\ KDYH GDPDJHG '1$ E\ GLUHFW R[LGDWLYH DWWDFN RU LQGLUHFWO\ E\
SHUR[LGDWLRQRISURWHLQVDQGOLSLGV.LEDQRYDHWDOQRWLFHGDQLQFUHDVHG/32DIWHUH[SRVXUH
RIUDWEUDLQKRPRJHQDWHVWR&D2DQG&D&O,QRXUH[SHULPHQWVH[SRVXUHRI$WR&D62
GLG QRW LQFUHDVH /32 OHYHO PHDVXUHG DV 0'$ ZLWK 7%$56 DVVD\ GDWD QRW VKRZQ
6XPPDUL]LQJ WKH SUHVHQW GDWDZH FRQFOXGH WKDW DIWHU &D62PHGLDWHG526 IRUPDWLRQ WKH
R[LGDWLRQRIWKH'1$PD\OHDGWRWKHREVHUYHGJHQRWR[LFHIIHFWV,QWHUHVWLQJO\WKHVHHIIHFWV











DVVRFLDWHG SURWHLQV S DQG S VXSSRUWHG WKHVH REVHUYDWLRQV DV &D62 GLG QRW WULJJHU
XSUHJXODWLRQRIWKHVHSURWHLQVVHHVXSSRUWLQJLQIRUPDWLRQ)LJ6
5DGLFDO SURGXFWLRQ FRXOG KDYH FDXVHG WKH FRQFHQWUDWLRQGHSHQGHQW JHQRWR[LF HIIHFWV
PHDVXUHG IRU =Q VXOIDWH DIWHU  K E\ GLUHFW DWWDFN RI WKH'1$+RZHYHU DQRWKHU LQGLUHFW
PHFKDQLVPZDVHOXFLGDWHGUHFHQWO\E\6OLZLQVNLHWDOZKRGHPRQVWUDWHGWKDWLQFUHDVHG526
SURGXFWLRQ DIWHU H[SRVXUH WR =Q62 GLPLQLVKHG'1$ UHSDLU LQ. OHXNHPLD FHOOV 2XU
UHVXOWVREWDLQHGIURPWKH&%01YLWVKRXOGFODULI\ZKHWKHURUQRW'1$GDPDJHFDXVHGE\
H[SRVXUHWR=QVXOIDWHFRXOGOHDGWRFKURPRVRPDOGDPDJH$VLJQLILFDQW01LQGXFWLRQZDV






FRQFHQWUDWLRQRIJFPð JP/ LQ WKH&%01YLWFRUUHVSRQGVPRUH WRJFPð
 JP/ LQ WKH RWKHUZHOO IRUPDWV:H WKHUHIRUH VXJJHVW WKDW WKH KLJK01 LQGXFWLRQ
REVHUYHG GRHV QRW UHIOHFW DQ LQWULQVLF PXWDJHQLFLW\ RI =Q VXOIDWH EXW PD\ EH GXH WR LWV





PHFKDQLVPV FRXOG KDYH SUHYHQWLYH DFWLYLW\ LQ PDQLIHVWDWLRQ RI FODVWRJHQ HYHQWV IRU VXE
















LQFUHDVH RI WKH VXE* SRSXODWLRQ )LJ $Q LQFUHDVHG VXE*SHDN LV RIWHQ DVVRFLDWHG
ZLWKQHFURWLFRUDSRSWRWLFHYHQWV+RZHYHUFDVSDVHDFWLYLW\LQFUHDVHGRQO\VOLJKWO\DIWHU
3E62 WUHDWPHQW VHH VXSSRUWLQJ LQIRUPDWLRQ )LJ 6 )XUWKHUPRUH FHOO F\FOHUHODWHG
SURWHLQVSDQGSZHUHIRXQGWREHXSUHJXODWHGVHHVXSSRUWLQJLQIRUPDWLRQ)LJ6:H
WKHUHIRUHDVVXPH WKDW WKHREVHUYHGJHQRWR[LF HIIHFWV OHDG WR DFWLYDWLRQRI S DQGSDQG
LQGXFHG D FHOO F\FOH DUUHVW LQ 6XE* SKDVH UDWKHU WKDQ FHOO GHDWK $ 6XE* DUUHVW ZDV
UHFHQWO\UHSRUWHGIRUPLFURWXEXOHVWDELOL]DWLRQGUXJVZKLFKZRXOGEHLQDJUHHPHQWZLWK
WKHDIRUHPHQWLRQHGDELOLW\RI3E WR LQWHUDFWZLWKFRPSRQHQWVRI WKHF\WRVNHOHWRQ+RZHYHU
WKLVSRVVLEOHLQWHUDFWLRQUHTXLUHVIXUWKHUVWXGLHV
,Q VXPPDU\ WKLV VWXG\ DJDLQ XQGHUOLQHV WKH LPSRUWDQFH RI D WKRURXJK PLQHUDORJLFDO
FKDUDFWHUL]DWLRQ FRPELQHG ZLWK GHWDLOHG LQYHVWLJDWLRQV RQ WR[LF HIIHFWV DQG VLJQDOLQJ
SDWKZD\V WR HOXFLGDWH WKH XQGHUO\LQJ SDUWLFOHVSHFLILF PHFKDQLVPV RQ LQYLWUR EDVHG FHOO
PRGHOV6LQFHDOPRVWDOORI WKHSDUWLFOHV WHVWHGDUHPLQGLDPHWHU WKHREVHUYHGHIIHFWV
JLYH ULVH WR FRQFHUQ LI FRQVLGHUDEOH DPRXQWV RI WKHVH FRPSRXQGV FDQ EH IRXQG LQ WKH
HQYLURQPHQW ,Q RXU H[SHULPHQWV $ FHOOV ZHUH H[SRVHG WR FRQFHQWUDWLRQV XS WR
JFPð LQ RUGHU WR LQYHVWLJDWH ELRORJLFDO HIIHFWV DQG WKHLU XQGHUO\LQJ PHFKDQLVPV
$OWKRXJK WKHVH FRQFHQWUDWLRQV XVHG LQ WKLV LQ YLWUR VWXG\PD\QRW UHIOHFW UHDOLVWLF H[SRVXUH
VFHQDULRVKLJKHUFRQFHQWUDWLRQVPD\EHUHDFKHGE\DFFXPXODWLRQRISDUWLFOHVRU³KRWVSRWV´














:H WKDQN 5REHUW %XU]DQ IRU DVVLVWDQFH ZLWK WKH &RPHW DVVD\ DV ZHOO DV 'U $QGUHDV
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% =Q62Â+2 DQG & 3E62 DV
GHWHUPLQHGE\ ODVHU GLIIUDFWLRQ%ODFN OLQHV YROXPHSHUFHQWDJH RI SDUWLFOHVZLWK D VSHFLILF
GLDPHWHUJUH\OLQHVFXPXODWLYHYROXPHSHUFHQWDJHUHGOLQHVQXPEHUSHUFHQWDJHEOXHOLQHV




















































































































































































































)LJXUH7(0 LPDJHV VKRZLQJ UHSUHVHQWDWLYH$ FHOOVZKLFKZHUHQRW H[SRVHG WRDQ\















)JFPðRI=QVXOIDWH IRUK $$IWHUH[SRVXUH WRJFPð=QVXOIDWHFHOOVVKRZ
VHYHUDO YHVLFOHV RQ WKH FHOO VXUIDFH DQG VRPH YHVLFOHV LQ WKH LQWHULRU %& 'DUN URXQG
YHVLFOHV DUH D FKDUDFWHULVWLF IHDWXUH REVHUYHG LQ FHOOV H[SRVHG WR =Q VXOIDWH ') $IWHU
H[SRVXUH WRJFPð=QVXOIDWH WKHGDUNYHVLFOHVSUHVXPDEO\]LQFRVRPHVDUH ODUJHUDQG

















































FHOOV $ PRQLWRUHG E\ WKH :67 DVVD\ IROORZLQJ K H[SRVXUH 3RVLWLYH FRQWURO
'062(DFKEDUUHSUHVHQWVWKHPHDQ6(RIDW OHDVW WKUHH LQGHSHQGHQWH[SHULPHQWV








































FHOOV $PRQLWRUHGE\ WKH15XSWDNHDVVD\ IROORZLQJKH[SRVXUH3RVLWLYHFRQWURO
'062(DFKEDUUHSUHVHQWV WKHPHDQ6(RIDW OHDVW WKUHH LQGHSHQGHQWH[SHULPHQWV





























'&)+'$ZLWKRXW H[SRVXUH WR SDUWLFOHV $V SRVLWLYH FRQWURO FHOOV ZHUH H[SRVHG WR 6L2
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)LJXUH '1$PLJUDWLRQ DVVHVVHG E\ WKH &RPHW DVVD\ XVLQJ WKH SDUDPHWHUV 270 DQG
7DLO'1$ LQ KXPDQ OXQJ FHOOV $ DIWHU K H[SRVXUH WR VXVSHQVLRQV FRQWDLQLQJ $
&D62 % =Q VXOIDWH DQG & 3E62 3RVLWLYH FRQWURO 6L2 TXDUW] 0LQ86LO 














)LJXUH  &\WRNLQHVLV EORFN SUROLIHUDWLRQ LQGH[ &%3, GLDPRQGV DQG PLFURQXFOHL
LQGXFWLRQEDUVLQKXPDQOXQJFHOOV$XSRQKWUHDWPHQWZLWKVXVSHQVLRQVFRQWDLQLQJ
$&D62 %=QVXOIDWHDQG &3E623RVLWLYHFRQWURO(060'DWD UHSUHVHQW
PHDQ  6' IURP DW OHDVW WKUHH LQGHSHQGHQW H[SHULPHQWV S S S














)LJXUH  '1$ FRQWHQW LQGLFDWLQJ FKDQJHV LQ FHOOF\FOH SURJUHVVLRQ LQGXFHG E\ PHWDO
VXOIDWHVLQKXPDQOXQJFHOOV$XSRQKWUHDWPHQW&HOOVZHUHVWDLQHGZLWKPJ/3,
IRUPLQDQGDQDO\]HGE\IORZF\WRPHWU\=LQFVXOIDWHFDXVHGLQFUHDVHG*SHDNZKHUHDV
3E62 H[HUWV D GUDPDWLFDOO\ LQFUHDVHG 6XE* SRSXODWLRQ 2Q WKH OHIWKDQG VLGH
UHSUHVHQWDWLYH KLVWRJUDPV DUH VKRZQ 'DWD UHSUHVHQW PHDQ  6' RI UHODWLYH FHOOF\FOH


























1)ț% /DQH  VKRZV XQVWLPXODWHG FRQWURO FHOOV LQ ODQHV  DQG  FHOOV ZHUH WUHDWHGZLWK
71)ĮQJP/IRUPLQODQHVDQGVKRZFHOOVWUHDWHGZLWKJFPð&D62IRUK
VDPSOHVLQODQHVDQGZHUHDGGLWLRQDOO\LQFXEDWHGZLWKDQDQWLSDQWLERG\IRUPLQXWHV





















ț%DFWLYDWLRQ/DQH  VKRZV XQVWLPXODWHG FRQWURO FHOOV ODQH  FHOOV VWLPXODWHGZLWK71)Į




SURWHLQ IURP QXFOHDU FHOO H[WUDFWV ZHUH DQDO\]HG IRU 1)ț% DFWLYLW\ E\ (06$ $ ILOOHG
DUURZKHDG LQGLFDWHV WKHSRVLWLRQRI WKH1)ț%'1$FRPSOH[HV7KHRSHQ FLUFOHGHQRWHVD

















%:HVWHUQ EORW DQDO\VLV DIWHU WUHDWPHQWZLWK=Q VXOIDWH    ȝJFPð IRU WKH LQGLFDWHG
WLPHV ODQHV    ODQH  VKRZV XQWUHDWHG FHOOV LQ ODQH  FHOOV ZHUH WUHDWHG ZLWK D











































WKH 0LQHUDORJLFDO 6RFLHW\ RI $PHULFD KWWSZZZPLQVRFDPRUJ06$
&U\VWDOB'DWDEDVHKWPO7KHRULJLQDOGDWDIRUJXQQLQJLWHDUHIURP:LOGQHUDQG*LHVWHU WKH
GDWDIRUER\OHLWHIURP%ODNHHWDO7KHODWWLFHSDUDPHWHUVWKHFU\VWDOOLWHVL]HDQGWKHLVRWURSLF






PRELOLW\ VKLIW DVVD\  [  FHOOV ZHUH VHHGHG LQWR ZHOO SODWHV DQG JURZQ WR 
FRQIOXHQFH  K EHIRUH SDUWLFOH WUHDWPHQW WKHPHGLXPZDV FKDQJHG WR VWDUYDWLRQPHGLXP
)&6$IWHULQFXEDWLRQZLWKGLIIHUHQWSDUWLFOHFRQFHQWUDWLRQVLQP/VWDUYDWLRQPHGLXP
DQG GLIIHUHQW WLPH GXUDWLRQV QXFOHDU H[WUDFWV ZHUH REWDLQHG DV GHVFULEHG SUHYLRXVO\ E\
6FKUHLEHUHWDO$GGLWLRQDOO\FHOOVZHUHVWLPXODWHGIRUPLQZLWKKXPDQ71)ĮQJP/
3HSUR7HFK +DPEXUJ *HUPDQ\ DORQH DV SRVLWLYH FRQWURO DQG DIWHU SUHWUHDWPHQW ZLWK
&D62JFPðK7KHLQIOXHQFHRI526RQ1)ț%DFWLYDWLRQZDVGHWHUPLQHGE\
SUHLQFXEDWLRQZLWKWKH526VFDYHQJHUV%+$±0DQG1$&P0PLQ
EHIRUH SDUWLFOH VWLPXODWLRQ 7KH %UDGIRUG SURWHLQ DVVD\ %LR5DG0QFKHQ *HUPDQ\ZDV



















 &LPPRO +DUWPDQQ $QDO\WLF %UDXQVFKZHLJ *HUPDQ\ DQG D 7 SRO\QXFOHRWLGH
NLQDVH1HZ(QJODQG%LRODEV+LOGHQ*HUPDQ\7KHFRPSRVLWLRQRIWKH1)ț%GLPHUZDV
DVVHVVHG XVLQJ D VXSHUVKLIW DVVD\ 7KHUHIRUH D VSHFLILF DQWLERG\ DJDLQVW WKH 1)ț% S
VXEXQLW 1)ț% S VF[ 6DQWD &UX] %LRWHFKQRORJ\ +HLGHOEHUJ *HUPDQ\ ZDV
LQFXEDWHGZLWKWKHSUREHDQGVHSDUDWHGLQWKHJHO'XHWRWKHKLJKHUZHLJKWRI WKHDQWLERG\
SURWHLQ'1$FRPSOH[DVKLIWFRXOGEHREVHUYHGLQFDVHRIWKHSUHVHQFHRIWKHSVXEXQLW
6DPSOHVDQG UHDFWLRQPL[WXUHZHUH LQFXEDWHGDW URRP WHPSHUDWXUH IRUPLQDQG UHVROYHG
WKURXJK D QRQGHQDWXUDWLQJSRO\DFU\ODPLGHJHO7KH JHOZDV WUDQVIHUUHG WR D:KDWPDQ
00SDSHUDQGGULHGXQGHUYDFXXPDW&IRUPLQ$IWHUGU\LQJWKHJHOZDVH[SRVHGWR




7KH LQIOXHQFH RI GLIIHUHQW SDUWLFOHV RQ -1. S DQG SZDV GHWHUPLQHG E\:HVWHUQ EORW
DQDO\VLV[FHOOVZHUHVHHGHGLQWRZHOOSODWHVDQGJURZQWRFRQIOXHQFH7KH





RI 526 LQ -1.DFWLYDWLRQ 1$&   P0ZDV DGGHG PLQ EHIRUH VWLPXODWLRQ )RU












P0('7$ P0ȕJO\FHURSKRVSKDWH P01DS\URSKRVSKDWH P01D) P0
EHQ]DPLGLQH P01DYDQDGDWH 7ULWRQ; VXSSOHPHQWHGZLWKSURWHDVH LQKLELWRUV
 P0 SHIDEORFN  JP/ DSURWLQLQ  JP/ OHXSHSWLQ DQG SKRVSKDWDVH LQKLELWRUV
OP/3KRV6WRS5RFKH'LDJQRVWLFV0DQQKHLP*HUPDQ\ZHUHDGGHG&HOOO\VLVZDV
SHUIRUPHG E\ VKDNLQJ  PLQ DW & 7KH VXSHUQDWDQW ZDV FROOHFWHG DIWHU FHQWULIXJDWLRQ
J&PLQ
7R DQDO\]H WKHSURWHLQ OHYHO LQ WKHFHOO O\VDWH VDPSOHVFRQWDLQLQJJSURWHLQZHUH
VHSDUDWHGE\6'63$*(JHODQGWUDQVIHUUHGWRDPSRUHVL]H39')PHPEUDQH
5RFKH'LDJQRVWLFV0DQQKHLP*HUPDQ\7KHEORFNLQJRIXQVSHFLILFDQWLERG\ELQGLQJVLWHV
RQ WKH PHPEUDQH ZDV SHUIRUPHG E\ LQFXEDWLRQ ZLWK  PLON LQ 7%67 7%6 EXIIHU
FRQWDLQLQJ7ZHHQ &DUO5RWK.DUOVUXKH*HUPDQ\$QWLJHQGHWHFWLRQZDVGRQH
XVLQJDQWLERGLHVDJDLQVWS-1.DQG-1.&HOO6LJQDOLQJ%RVWRQ86$%6$LQ
7%67 S 6LJPD$OGULFK7DXINLUFKHQ*HUPDQ\  PLON LQ7%67 S &HOO
VLJQDOLQJ7HFKQRORJ\'DQYHUV86$PLONLQ7%67DQGDFWLQ6LJPD$OGULFK
7DXINLUFKHQ *HUPDQ\  PLON LQ 7%67 DQG DQ DSSURSULDWH KRUVHUDGLVK
SHUR[LGDVHODEHOHG VHFRQGDU\ DQWLERG\ $V GHWHFWLRQ UHDJHQW (&/ DGYDQFHG
FKHPLOXPLQHVFHQFHGHWHFWLRQUHDJHQW*(+HDOWKFDUH0XQLFK*HUPDQ\ZDVXVHG)RU-1.
DQDO\VLV FKHPLOXPLQHVFHQW LPDJHVZHUH WDNHQ XVLQJ WKH/XPL,PDJHU DQG WKH/XPL$QDO\VW
6RIWZDUH 5RFKH'LDJQRVWLFV0DQQKHLP*HUPDQ\ )RU S DQG S FKHPLOXPLQHVFHQFH
















K  / RI &DVSDVH VROXWLRQ 3URPHJD 0DGLVRQ :, 86$ ZDV DGGHG DQG















8QLW &D62 =Q62Â+2 =QVXOIDWH 3E62
6PDOOHVWSDUWLFOH P    
/DUJHVWSDUWLFOH P    
6XUIDFHDUHD PðJ    
0D[LPXP1R P    
0D[LPXP9RO P    
8OWUDILQHP 1R a a a !
)LQHP 1R a a a a
&RDUVHP 1R  a
8OWUDILQHP 9RO   a 
)LQHP 9RO a a a a
&RDUVHP 9RO a a a a












7DEOH 63DUWLFOHV GHWHFWHG E\ VFDQQLQJ $ FHOOV SHU VDPSOH DIWHU H[SRVXUH WR
VXOIDWH SRZGHUV DQG XVLQJ 7(0('; DQDO\VLV &RQWURO VDPSOH QRW H[SRVHG WR WHVW
PDWHULDOV LVQRW OLVWHGDVQRSDUWLFOHVZHUH IRXQG63 VLQJOHSDUWLFOH$ DJJORPHUDWH& 








&D62JFPðK )H2 63 & &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&D$O6L2 63 (0 (03
6L2 63 & &3
$O)H6L 63 &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3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3
1D6L2 63 & &3
&D62JFPðK &D62 $ (0 $3
)H2 63 & &3
$O6L2 63 & &3
&D62JFPðK &D62 63 & &3
&D2 63 & &3
)H2 63 & &3
)H&U2 63 & &3
$O6L2 63 &1 &313
=QVXOIDWHJFPðK )H2 63 6 63
=QVXOIDWHJFPðK )H2 63 & &3
)H7L2 63 & &3
3E62JFPðK 3E62 $ 9 $a3	3
3E62 63 & &3
3E62 $ 6 $3
3E62 $ (0 $3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3
3E62JFPðK 3E62&D 63 &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93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3	3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3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S+ S+ S+ S+ S+ S+ S+
&D2+ 3RUWODQGLWH
&D32 :KLWORFNLWH ; ; ; ;
&D2+32 +\GUR[\ODSDWLWH ; ; ; ;
&D&O +\GURSKLOLWH
&D&2 $UDJRQLWH ; ; ;
&D&2 &DOFLWH ; ; ; ;
&D&2Â+2 0RQRK\GURFDOFLWH
&D)H2 )HUULWH&D ; ; ;





)H2+ ,URQ,,,K\GUR[LGH ; ; ;
)H2 +HPDWLWH ; ; ;
)H2 0DJQHWLWH ; ; ;




























































)LJXUH 6 7(0 LPDJHV RI $ FHOOV H[SRVHG WR &D62 $ JFPð  K DQG %
























)LJXUH6&DVSDVHDFWLYLW\ LQ$FHOOV DIWHUKH[SRVXUH WR VXVSHQVLRQVFRQWDLQLQJ
3E62&37 0ZDV XVHGDV SRVLWLYH FRQWURO (DFK EDU UHSUHVHQWV WKHPHDQ6'RI


















%ODNH $ - &RRNH 3 $ +XEEHUVWH\ 3 6DPSVRQ & / $FWD &U\VWDOORJU 6HFW (
6WUXFW5HS2QOLQH
6FKUHLEHU(0DWWKLDV30OOHU00DQG6FKDIIQHU:5DSLG'HWHFWLRQRI2FWDPHU
%LQGLQJ3URWHLQV ZLWK 0LQL([WUDFWV 3UHSDUHG IURP $ 6PDOO 1XPEHU RI &HOOV
1XFOHLF$FLGV5HV
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